Using the geographically and socioeconomjcally varied collaborative Lipid Research Clinics Prevalence Study data, this report focuses upon relationships between dietary intake and plasma lipids and lipoproteins in 1234 white children, 661 boys and 573 girls, aged 6-19 years who were sampled in a random recall (Visit 2) from large populations in six Lipid Research Clinics. Using multiple regression analysis, we found that in 6-to 12-year-old boys the dietary polyunsaturated-to-saturated fat ratio was inversely associated with plasma total and low density lipoprotein cholesterol and dietary cholesterol was positively associated with plasma high density lipoprotein cholesterol. In 13-to 19-year-old boys, high density lipoprotein cholesterol and the ratio of high density lipoprotein cholesterol to total cholesterol were inversely related to sucrose intake. In 6-to 12-year-old girls, plasma triglycerides were positively related to dietary sucrose. Using analysis of covariance in children having the lowest, middle, and top decile nutrient intakes, we found that higher carbohydrate intakes were associated with lower plasma total cholesterol in boys. The highest polyunsaturated fat intake (in 6-to 12-year-old girls) was associated with the lowest plasma cholesterol and very low density lipoprotein cholesterol. The highest cholesterol intake (in 6-to 12-year-old boys) was associated with the highest high density lipoprotein cholesterol levels. In girls, the highest sucrose intakes were associated with the highest plasma triglyceride levels. We conclude that the weak, but statistically significant, associations that we observed were meaningful relative to etiologies of nutrient-lipoprotein interrelationships, and should be useful in forming new hypotheses for focused metabolic ward studies. (Arteriosclerosis
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ARTERIOSCLEROSIS Vex 2, No 6, NOVEMBER/DECEMBER 1982 levels of total calories, dietary cholesterol, animal protein, and saturated fatty acids. 10 ' 11 Ecological correlations between these selected nutrients and CHD rates in the Seven Countries Study ranged from 0.68 to 0.81. 10 Moreover, in the Seven Countries Study, there were significant associations between mean dietary cholesterol and mean serum cholesterol levels. 1011 Within single nations, significant differences in both CHD rates and mean blood cholesterol levels exist between cultural subgroups adhering to diets restricted in saturated fats and animal protein and the rest of the population, for example, the Yemenite immigrants to Israel 12 and Seventh Day Adventists in the United States. 13 ' 14 Controlled metabolic studies 15 " 22 and diet intervention programs conducted on confined and semiconfined populations (prisons, mental hospitals, and boarding schools), 23 " 25 have also demonstrated associations between dietary saturates, polyunsaturates, cholesterol, and blood lipid levels. Under controlled metabolic conditions, restriction of dietary cholesterol and saturated fat and/or increase of polyunsaturated fat reduce total cholesterol and low density lipoprotein cholesterol (C-LDL). 4 ' 16 -17 ' 20 " 24 Conversely, increments of saturated fat and dietary cholesterol increase plasma total cholesterol and C-LQI_4,i8,2o | t should be noted, however, that results of metabolic dietary alteration have not been totally uniform. 8 '
x ' a In contrast to the preponderant evidence of close relationships between diet and lipoproteins by international comparisons, in cultural subgroups, and in metabolic studies, epidemiologic studies within countries and within culturally homogeneous groups of adults have not revealed uniform, significant associations between nutrient intakes and either lipids and lipoproteins, or risk of CHD.
528 " 32 The absence of such significant correlations does not, however, necessarily reflect a lack of biological association, predominantly because of methodological limitations of the 24-hour dietary recall, and the single lipoprotein sampling in a cross-sectional study. 9 ' 32~43 The use of the 24-hour dietary recall, the 7-day diet record, and other approaches to discovering the quantity of nutrient intakes in populations remains admittedly problematical from a methodologic standpoint. The single 24-hour dietary recall, no matter how accurate, provides no estimate of intraindividual dayto-day variability in nutrient intake, 33 ' ^ 38~43 while the 7-day record relies heavily on the accuracy and lack of reportorial bias of each subject. 34 ' 3637 Further, in large population surveys these are very expensive in terms of costs for nutritionists, computers, and biostatistical work.
The relationships between pediatric nutrient intake and plasma lipids, lipoproteins, and CHD risk factors have recently been studied in three large cohorts of school children: in Rochester, Minnesota, 36 in Bogalusa, Louisiana, 32 -M and in Cincinnati, Ohio. 41 There is special interest in studying nutrient-lipid relationships in children because nutrient habits formed during childhood might have a life-long effect on plasma lipids and indirectly, on CHD The purposes of the current report are threefold: 1) we present an extensive examination of the association, or the lack of association, between nutrient intake (24-hour recall) and plasma concentrations of lipids and lipoproteins in 1234 randomly recalled white children from six Lipid Research Clinics in the NHLBI collaborative prevalence study; 44 " 50 2) we attempt to provide an overview of the major methodologic difficulties inherent in the examination of such associations in cross-sectional population surveys; and 3) we compare our results with recent population surveys in children and adults, and assess the congruity or incongruity of our results with the results of metabolic intervention studies.
Methods

Study Design
The Lipid Research Clinics (LRC) North American Prevalence Study was designed to describe lipid and lipoprotein distributions in major racial and social groups, to ascertain the prevalence of dyslipidemias and dyslipoproteinemias and to assess their association with CHD and with other CHD risk factors.
' ^4
7 '« Ten LRCs collaborated in the Prevalence Study, each LRC studying well-defined target populations. The target populations included geographically defined communities, school populations, and occupationally defined groups. Two clinics focused on school populations (Cincinnati, Baylor); three of the community-based studies included children as young as 10 years of age (Johns Hopkins, Minnesota, La Jolla); and one industrially defined population included the children of workers (Toronto). Detailed descriptions of the target populations, sampling strategies, and laboratory methodologies have been reported. 39^1 
The standardization of the collaborative studies has been described previously. 40 ' 4144 -* 9 Briefly, the individual clinics adhered to a common protocol, common training procedures of personnel, conjointly standardized laboratories, and monitoring of data quality.
39^11
' 44 - 50 At Visit 1, fasting (2= 12 hours) cholesterol and triglyceride measurements were made for the entire target population. At Visit 2, two subsets of the Visit 1 population were recalled: a 15% random sample, and a hyperlipidemic recall group (approximately 10%) selected because of elevated cholesterol or triglyceride levels and/or the reported use of lipidlowering medication. At Visit 2, the following were obtained: a detailed medication history; a family health history of heart disease, stroke, and associated risks; data on alcohol consumption and cigarette smoking; multiple measurements of blood pressure and anthropometry; the results of secondary clinical 
Study Population
This report included only white boys and girls, aged 6-19 years. Of this group, 46 children and adolescents who were on special diets, two who were pregnant, and "18 who were taking exogenous gonadal hormones, were excluded from these analyses, as were 13 children who fasted less than 12 hours. The children came from six Lipid Research Clinics (see table 1 ). The population for this study consisted of the 661 males and 573 females who were randomly chosen to attend the Visit 2 examination. Although 52% of this study population was examined by the Cincinnati LRC, 41 this report provides a greater diversity of populations, larger numbers, and multiple geographic sites within which to examine lipid-nutrient interrelationships.
Collection of Nutritional Data
Detailed assessments of the Lipid Research Clinics 24-hour recall method for collecting nutritional intake data and its computerized dietary data collection system have been published elsewhere. 39 " 414450 In short, the 24-hour recalls were collected by collaboratively trained and centrally certified nutritionist-interviewers. After checking for completeness and accuracy at the individual clinics, the recall forms were sent to the Nutrition Coding Center in Minneapolis where they were coded by certified coders. A codebook detailed procedures for coding of composite foods, portion sizes, brand names, and ingredient or cooking fats. 40 Nutrient data were based on updated United States Department of Agriculture (USDA) Handbook No. 8 and on additional information from the food industry and the USDA. 40 Coding information was regularly updated by a survey of food processors and purveyors of prepared food products. After central coding, the recalls were sent to the Lipid Research Clinics Central Patient Registry for data processing and editing. Quality control checks were taken routinely to guard against "system drift" over time. 40 The impact, if any, of effects of various years during which the data were collected, and of different updates on the data base are beyond the scope of this report. Some of these effects have recently been examined, 40 and additional evaluations will appear in future Lipid Research Clinics nutritional methodology publications.
To reflect Sunday food patterns, 24% of the children were studied on Mondays. Since no Visit 2 examinations were done on Sundays, no dietary data for Saturdays were obtained. Study participants reported their own food intake. Supplementary information provided by parents or other meal providers is not included here, but will be examined in a separate publication.
The final data include only those dietary recalls judged reliable by the interviewer. Unreliability usually occurred because of missing information (e.g., the participant was unable to recall one or more meals). Approximately 19% of recalls among children 6-9 years old and 3% of recalls from those 10-19 years old were classified as unreliable. This compares to the 2% rate of unreliable recalls from adult participants 20 years of age or older. Although in some instances the participant judged the reported food intake to be considerably more or less than usual (atypical), the data were included because food intakes normally vary from day to day. 
Blood Sampling Techniques
Blood sampling techniques at Visit 2 have been previously described.* 4 " 48 Plasma was obtained after a fast of at least 12 hours for measurement of total cholesterol, triglyceride, high density lipoprotein cholesterol (C-HDL) and low density lipoprotein cholesterol (C-LDL), following LRC methods. 46 Lipids and lipoprotein cholesterol levels for the LRC cohort of randomly recalled children are published elsewhere. 45 
Statistical Methods
Bivariate scatterplots of plasma lipids and lipoproteins against nutrient intake were examined for the entire cohort in a search for statistical outliers. This examination identified six persons whose entire dietary profiles were judged to be unusual and extreme by virtue of at least two nutrients which were three or more standard deviations above or below the mean. These outliers were deleted.
Analysis of covariance techniques were used to ascertain whether the relationship between nutrient intake and plasma total lipids and lipoprotein choles- Table 2 . Distribution of Nutrients (Per Day) terol fractions was similar across age groups and clinics. Based on this analysis of covariance, we chose to divide the children into two age groupsthose 6 to 12 years old and those 13 to 19 years old -to create more homogeneous strata for analysis. The younger group can be thought of as prepubertal and the older children as pubertal and postpubertal. Given the physiological changes occurring during this age period it is reasonable to assume that food intake and utilization may be different in these age groups. Pooling children into two age groups also provided adequate numbers of children (271 boys and 243 girls 6 to 12 years old; 390 boys and 330 girls 13 to 19 years old, see table 1) to characterize group nutrient intake for major nutrient components. No significant interactions were found between nutrient intake and study population. Thus the analysis could consider all clinics simultaneously. Table 2 displays the distribution of nutrient intakes by sex and by age groups for all children from all of the LRCs at Visit 2, with exclusions made for unreliable nutrient intake data, and for pregnant girls.
As For all subsequent analyses (tables 4-6), nutrient intake data were covariance-adjusted for a body mass index, weight/height 2 x 1000 (Quetelet Index) which allowed for an assessment of nutrient-lipid partial correlation coefficients free of the confounding effects of relative ponderosity. 41 We used this covariance adjustment rather than simply a nutrient/ kg body weight term without covariance adjustment for Quetelet Index since our statistical manipulations for our previous studies 41 had shown the most consistent and significant nutrient-lipoprotein relationships with covariance adjustment for Quetelet Index. Moreover, we did not use the term, nutrients/1000 kcal, since our previous studies had shown no added strength using this term. 41 Nutrient-lipoprotein relationships were further assessed by categorizing children by decile level of nutrient intake (low, intermediate, and high) and then comparing (age, clinic, and Quetelet Index) covariance-adjusted lipoprotein levels in the nutrient 41 In categorizing children, "low" was defined as less than the 10th percentile, "intermediate" as the 45th-55th percentiles, and "high" as greater than the 90th percentile for each nutrient considered. The levels of plasma lipids and lipoproteins in these three nutrient groups were then compared by analysis of covariance (table 4) .
We considered a linear multivariable model in order to characterize the total diet, without over-representing any one food group. This model is also appropriate because the independent variables (the nutrients displayed in table 2) are correlated with one another and an analysis of covariance can determine the independent contribution of one nutrient, adjusting for covariates and other independent variables. To avoid the problem of multicollinearity, we excluded protein, other carbohydrates, and monounsaturated fats.-This was done to avoid overrepresenting total calories, carbohydrates, or fat. Inclusion of these terms would have resulted in unstable estimates of the coefficients. In some models, the polyunsaturated to saturated dietary fat (P/S) ratio was used in place of the individual nutrients, polyunsaturated fat, and saturated fat. Since the former models resulted in a better fit to the data, they were chosen for presentation.
Stepwise regression analysis 51 was performed forcing in linear terms of the nutrient variables (table  2) , but excluding protein, other carbohydrates, and monosaturated fats, as well as the covariables of clinic, age, and Quetelet Index (tables 5, 6). Since the categorical analysis revealed various curvilinear trends (table 4), quadratic terms were allowed to enter the model if the partial Ftest was significant at p = 0.5, and to remain if the significance level of the partial Ftest for that variable was less than 0.1. The inclusion of these quadratic terms may permit a better representation of the joint distribution of the nutrients and the total lipids and lipoprotein cholesterol fractions. In general, the appearance of quadratic terms in the model suggests that the interrelationship between nutrients and lipids is better characterized as a curvilinear relationship in this population. In order to facilitate comparisons between the nutrients (which differ in both units and variability) within each regression model, standardized regression coefficients were calculated.
An analysis to test the significance of the impact of diet over and above that of the three covariates of clinic, age, and Quetelet Index was done by calculating the square of the partial correlation coefficient of the package of nutrient variables. The significance was tested by evaluating the F statistic (table 6) .
In our analyses we performed multiple tests of significance, both for the correlations and for regression coefficients. It is possible that some of the tests will be significant by chance alone. In order to control for this, we adjusted the level of significance of an individual test, lowering the p value considered significant by adjusting for the number of tests. We carried out these adjustments to provide a conservative level for statistical significance, so that after adjustment, significant p values would not occur by chance alone, since we had performed multiple analyses. If we consider each sex by age-group lipid or lipoprotein analysis as a separate experiment, then we can choose an error rate of a/k for each of the k tests performed in the experiment where k = the number of statistical tests performed. This guarantees that the Type I (level of significance) error rate for the entire family of tests will be a at most.
The choice of a must take into consideration not only the problem of spurious results, but also the possibility of missing a true relationship (Type II error). The problems of within-subject variation and multicollinearity in the regression can lead to a large chance of missing a true association; thus, we have chosen the relatively high value of a = 0.2. This results in a Type I error of 0.018 for individual tests in the correlation analysis, and 0.022 to 0.029 in the regression analysis (depending on the number of nutrient terms included). Table 1 summarizes the clinic derivation of the study subjects. The children came from six Lipid Research Clinics; the largest single clinic population came from the Cincinnati Lipid Research Clinic and the smallest from La Jolla. Children 11 to 17 years old were most broadly represented. Because of diversity in socioeconomic, geographical, and racial status, the data cannot be generalized as broadly representative of all American children; such a generalization could only be obtained through a national probability sample. Table 2 summarizes the distributions of nutrients by sex and by age group. The 50th percentile for dietary cholesterol ranged from 220 to 419 mg/day within the groups of children, while the 10th percentile ranged from 103 to 185 mg/day (table 2).
Results
Study Population
Simple Correlation of Nutrients and Lipids
For plasma cholesterol, the sole (marginally) significant relationship (p = 0.02) with any dietary nutrient was observed in 6-to 12-year-old females, where total plasma cholesterol was inversely associated with fat intake (table 3). For plasma triglycerides, there were significant positive associations with sucrose for boys 13 to 19 years old and girls 6 to 12 years old. For HDL cholesterol, there were significant positive associations with dietary cholesterol in boys 6 to 12 years old and in girls 13 to 19 years old. For very low density lipoprotein cholesterol (C-VLDL), there was a significant positive association with sucrose intake in boys 13 to 19 years old.
Low density lipoprotein cholesterol revealed several significant relationships with nutrient intakes in males. Three negative correlations were seen between nutrients and C-LDL. In boys 6 to 12 years old, Analysis of covariance model includes only three covariates (study population, age, Quetelet Index). Significance of the relationship of nutrients to lipids-lipoproteins over and above effects of study population, age, and Quetelet Index.
*0.05 < p < 0.1; t0.01 < p < 0.05; tp < 0.01.
LDL cholesterol was inversely associated with polyunsaturated fat intake and in boys 13 to 19 years old, with carbohydrate intake. In boys 13 to 19 years old, C-LDL levels were inversely associated with starch intake. There were no significant correlations between LDL cholesterol and nutrient intakes in the girls (table 3) .
Nutrlent-Llpoproteln Interrelationships
Dietary Cholesterol
As summarized in table 4, mean covariance-adjusted C-HDL levels in boys 6 to 12 years old were 6.4 mg/dl (10%) lower in those children in the lowest decile dietary cholesterol group as compared to those in the highest decile dietary cholesterol group. Moreover, in boys 6 to 12 years old, the ratio of C-HDL to total plasma cholesterol was higher, going from groups with low to intermediate to high cholesterol intake, and the ratio of C-LDL to C-HDL was lower, going from groups with low to intermediate to high cholesterol intake. In girls 6 to 12 years old, plasma cholesterol was highest in children in the lowest dietary cholesterol group and lowest in the children ingesting the most cholesterol.
Dietary Carbohydrate, Starch and Sucrose
In boys of both age groups, those ingesting the least dietary carbohydrate had the highest cholesterol and LDL-C. In girls 6 to 12 years old the highest C-LDL, and C-LDL to C-HDL ratios were observed in girls who had the lowest carbohydrate intake (table 4). In 6-to 12-year-old girls, the ratio of C-HDL to total plasma cholesterol was lowest in the group with the lowest carbohydrate intake.
The highest levels of C-LDL and the lowest levels of triglyceride respectively were observed in 13-to 19-year-old girls who ate the least amount of dietary starch. For girls in both groups (aged 6 to 12 and 13 to 19 years) plasma triglycerides increased as did the category of dietary sucrose intake (table 4) . Table 4 shows that for 6-to 12-year-old boys, those eating the least dietary fat had the highest ratio of C-LDL to C-HDL and the lowest ratio of C-HDL to total plasma cholesterol. However, in boys 13 to 19 years old, the highest C-HDL levels were observed in those eating the lowest fat.
Dietary Fat, Polyunsaturated Fat, Saturated Fat, and the P/S Ratio
Similar to 6-to 12-year-old boys, in 13-to 19-yearold girls, the highest ratio of C-LDL to C-HDL was observed in those eating the lowest fat. Moreover, the highest level of C-VLDL was observed in girls who ate the least amount of fat.
The 6-to 12-year-old girls who ate the most polyunsaturated fat had the lowest levels of plasma cholesterol and VLDL cholesterol. Those 13-to 19-yearold girls who ate the most saturated fat had the highest C-HDL levels. In 6-to 12-year-old girls, the lowest level of C-LDL and the lowest ratio of C-LDL to C-HDL was observed in those children having the lowest dietary P/S intake. Conversely, in 6-to 12-year-old boys, the highest ratio of C-LDL to C-HDL was observed in those having the lowest P/S intake. Among 13-to 19-year-old girls, the lowest C-VLDL was observed in those whose diets had the highest P/S ratios. Table 4 shows that among 6-to 12-year-old boys and girls, the highest levels of plasma cholesterol and C-LDL were observed in those with the lowest caloric intake; this was also true for C-LDL levels in 13-to 19-year-old boys. Table 5 shows that in 6-to 12-year-old boys, there was an inverse linear and a curvilinear relationship between total plasma cholesterol and the P/S ratio. In 6-to 12-year-old girls, total triglycerides were positively related to sucrose intake. In 6-to 12-year-old boys, dietary cholesterol was positively related to C-HDL. C-HDL and sucrose related inversely in a linear fashion and in a curvilinear fashion in 13-to 19-yearold boys. In 6-to 12-year-old boys, C-LDL and P/S related inversely in a linear fashion and in a curvilinear fashion. There were no significant, independent associations of nutrients with C-VLDL and the ratio of C-LDL to C-HDL. In older boys, the ratio of C-HDL to total cholesterol was related inversely in a linear fashion and positively related in a curvilinear fashion to sucrose intake. From the square of the partial correlation coefficients, we observed that in boys the aggregate nutrient intake was consistently and significantly associated with C-HDL and C-LDL (table  6) . Moreover, aggregate nutrient intake was associated with the ratio of C-HDL/cholesterol in 13-to 19-year-old boys. There were only three significant associations of nutrient intakes with lipids-lipoproteins in the girls; with triglycerides and C-VLDL in younger girls, and with C-HDL in older girls (table 6).
Calories
Relationships Between Plasma Llplds and Llpoprotelns and Nutrients
Discussion
Most of the nutrient-lipoprotein associations were not significantly different from zero. The absence of multiple, consistent, significant, nutrient-lipoprotein associations is not unexpected. Similar inconclusive associations have previously been reported in large surveys in adults 528 " 31 and in smaller pediatric studies. 35 The relatively low-order associations of dietary components and lipids and lipoproteins may not necessarily reflect similarly low-order biological associations, but may reflect in part the following problems inherent in the 24-hour dietary recall model: 1) a high level of within-subject day-to-day variability in nutri-ent intake; 33 ' ^ 36~43 2) a confounding of the observations by multiple independent variables; 42 3) withinsubject, between-day variance in Iipoprotein levels; 43 4) methodologic problems with nutrient histories, including failure to reflect long-term nutrient intakes.
343^43
McGill 42 has commented incisively on the problems raised by the absence, or low-order significance, of nutrient-lipoprotein associations in crosssectional population surveys,"... it is apparent that the zero (nutrient-lipid) correlations obtained in many cross-sectional studies within populations do not necessarily negate the existence of a real relationship in the population. Indeed, from the known variability of both dietary intake and serum cholesterol concentration, one can predict that a low correlation would be found on the basis of a single serum cholesterol determination and a one-day diet record, even if there were a strong effect of diet on serum cholesterol."
Beyond methodologic limitations of the single 24-hour recall, the lack of significance of dietary cholesterol to C-LDL relationships might reflect the fact that the median daily intake of cholesterol (from 220 to 419 mg/day) in these children was well above the postulated "threshold" below which dietary cholesterol to C-LDL associations have been observed. 53 Among the Tarahumara Mexican Indians, whose dietary intake of fat and cholesterol is extremely low, there is a high order of correlation between dietary cholesterol, fat, and C-LDL. 53 Since an absence or low order significance of nutrient to Iipoprotein associations (within the frame of reference alluded to above) does not "prove" the absence of a biologically significant association, one faces a threefold dilemma. First, there is a historical tendency to use cross-sectional nutrient-lipoprotein associations to either strengthen-validate or invalidate associations found through dietary manipulation.
40^2 Depending on the partisanship of the authors and readers, the low magnitude of nutrientlipoprotein associations can be used either to detract from or to buttress associations found through dietary manipulation. Second, there is a tendency to try to fit the data to some operating hypothesis, such as that a low intake of dietary cholesterol and saturated fat is etiologically associated with low levels of LDL cholesterol. Third, there may be a tendency to reject as inexplicable, associations which are not congruent with those previously defined by metabolic intervention studies. Thus, as noted in the Discussion section, it would be possible to conclude: 1) that methodologic limitations are so restrictive as to preclude perception of any significant associations; 2) that, after accounting for methodologic limitations, there are only isolated areas of significant nutrientlipoprotein associations; 3) that there is a coherent, albeit weak, overall pattern of nutrient-lipoprotein associations even in the face of methodologic limitations. We have chosen to highlight the following nutrient-lipoprotein associations, to indicate where they are or are not congruent with previous cross-sectional studies, and to examine where they are or are not consistent with associations found through dietary manipulation.
For the individual nutrients, there were several nutrient-lipoprotein interrelationships which were statistically significant and provided a base for comparison with previously published cross-sectional population studies and dietary manipulation experience. Dietary sucrose was positively associated (by simple and partial correlations) with plasma triglyceride in girls 6 to 12 years old and by simple correlations with triglycerides in boys 13 to 19 years old. There were significant, inverse, partial associations between sucrose and C-HDL and the ratio of C-HDL to total cholesterol in older boys. These findings are consistent with the findings (simple correlations) for 10-year-old children in the Bogalusa report. 32 In contrast, there were no significant nutrient-lipoprotein correlations for the children of the Rochester study. 35 These limited interrelationships of sucrose with triglyceride, C-HDL, and the ratio of C-HDL to total cholesterol are also consistent with those reported for other cross-sectional epidemiologic studies in adults, 52 " 58 and with human metabolic intervention studies. 18 ' 1955 - 57 -59 .
Populations having habitual diets relatively high in carbohydrates and low in fat have lower C-HDL levels and variably higher triglyceride levels than urban Western populations who eat less carbohydrate and more fat. 52 " 54 In metabolic ward studies, short-term isocaloric increments in dietary sucrose are associated with increased triglyceride, C-VLDL, and decreased C-HDL, 18 ' 5758 presumably through increased synthesis of VLDL. "Prudent" diets, particularly those with moderate dietary carbohydrate restrictions, tend to somewhat elevate C-HDL levels.
19 ' x Since cross-sectional population studies reveal C-HDL to be inversely correlated with C-VLDL and total triglycerides, 59 ' 80 the positive associations of sucrose with triglycerides and inverse associations with C-HDL observed in this report are internally consistent.
The inverse (partial) relationship of dietary P/S to total and low density Iipoprotein cholesterol in boys 6 to 12 years old in this study is consistent with metabolic studies in humans where dietary polyunsaturated fat consistently lowers, and saturated fat elevates, total cholesterol and C-LDL. 2°-22 ' 61 ' <* The relationship between dietary P/S and total and LDL cholesterol can be described quantitatively, and can be replicated by dietary variation under metabolic ward conditions. 20 " 22 It must be noted, however, that there were no significant inverse associations between the P/S ratio and total and LDL and cholesterol in the other age-sex groups.
Among the four age-sex groups studied, only in boys 6 to 12 years old was dietary cholesterol positively associated with C-HDL (simple and partial correlations). This relationship was not observed in the Bogalusa children, 32 Blackburn et al. 63 recently re-ported that arraying mean national cholesterol intake and mean C-HDL levels reveals a strong positive relationship between dietary cholesterol and C-HDL. Recent metabolic ward studies have shown that both plasma C-HDL and apolipoprotein A-1 can be increased by dietary cholesterol and saturated fat feeding. 64 We speculate that this relationship may reflect a compensatory need for increased clearance of tissue pool cholesterol by HDL in societies and individuals ingesting larger amounts of dietary cholesterol which perforce must be cleared metabolically. Connor et al. 53 showed in the Tarahumara Indians that, although C-HDL levels are absolutely low within population groups ingesting diets extremely low in dietary cholesterol, C-LDL levels are also markedly low. In the presence of very low C-LDL, low C-HDL may not have the same physiologic significance as in the westernized countries where it is inversely associated with risk of coronary heart disease. 60 ' P otential relationships between nutrients and lipids and lipoproteins were also examined in children having low, intermediate, and high levels of nutrient intake, a categorical approach similar in design to that used in the Rochester and Bogalusa children. 32 -M In the Rochester study, there were no significant nutrient-lipoprotein associations of any sort by categorical analysis. In our study, similar to the findings of the Bogalusa report, higher carbohydrate intakes were associated with lower plasma total cholesterol. Also similar to the findings of the Bogalusa group, the highest polyunsaturated fat intake (in girts) in our study was associated with the lowest plasma cholesterol and C-VLDL. Although the lowest C-HDL levels in Bogalusa children accompanied the highest cholesterol intake, the opposite was noted for 6-to 12-year-old boys and 13-to 19-year-old girls in our LRC cohort.
The categorization by decile of nutrient intake and analysis of variance also amplified, at the extremes of the distribution, several trends observed in the multiple regression. The highest dietary cholesterol intake was associated with the highest C-HDL (in boys) and appeared to progressively augment C-HDL more than C-LDL, since the C-LDL to C-HDL ratio was lowest in boys at the highest level of dietary cholesterol intake. The positive relationships of dietary sucrose to plasma triglyceride observed in girls in the multiple regression were also observed by the categorical analysis.
Of considerable interest were the consistent inverse relationships observed in the categorical analysis between dietary calories and both plasma cholesterol and C-LDL. Plasma cholesterol and C-LDL were highest in those boys and girls eating the fewest calories. Increasing calories generally increases dietary fat, cholesterol, and sucrose. We were unable to identify any particular nutrient or pattern of nutrients at either extreme of the distribution of calories to account for the inverse association of calories, plasma cholesterol, and C-LDL. These unexpected relationships need to be further examined with metabolic studies to provide confirmation or refutation, and to assess for possible etiological relationships.
This report has presented an extensive examination of the associations, or their absence, between 24-hour recall nutrient intake and plasma concentrations of lipids and lipoproteins in randomly recalled children. We have provided an overview of the major methodologic difficulties inherent in the examination of such associations in cross-sectional population surveys, 33 and an assessment of the congruity or incongruity of our results with those from metabolic intervention studies. 15 " 27 ' 57 ' 58 Inevitably, interpretation of the results will vary sharply, depending on the partisan-S hjpi-», e-9,42,61-63 o f f ne reac j ers an <j authors. One conclusion might well be that the known methodologic limitations of the tools used, single cross-sectional sampling and 24-hour recall, predicate against any statistically, biologically, or nutritionally consistent and significant findings. Even taking into account the methodologic limitations, one might conclude that the results reveal only isolated, sporadic associations which have limited utility for furthering understanding of the etiologies of nutrient-lipoprotein interrelationships, or for assisting hypothesis generation and testing. Alternatively, one might conclude that, while the majority of nutrient-lipoprotein interrelationships were not statistically different from zero, that those weak, but statistically significant, associations that were observed were meaningful relative to etiologies of nutrient-lipoprotein interrelationships and useful in forming new hypotheses for focused metabolic ward studies. Since beauty is in the eye of the beholder, particularly in this area of cross-sectional assessment of nutrient-lipoprotein interrelationships, we were unable to select a unifying, unanimous, and unambiguous conclusion from the data set which would satisfy the conflicting interpretations even within the small scientific microcosm of the Lipid Research Clinics collaborative program. We present the data first to record our results for comparison with past and future studies, second, in the hope that it will offer useful leads for further metabolic studies, and third, to generate hypotheses arising from the results. Our experience also suggests that future cross-sectional population surveys should use, where possible, more powerful (albeit much more expensive) methodologic tools 36 " 39 '^ ^ to provide more generalizable answers. Rather than continue to use and then subsequently degrade the tool of the 24-hour dietary recall, we should seriously confront the methodologic problems of nutrient intake quantitation in the hope of avoiding the need to cite methodologic limitations when explicating future absence of nutrient-lipoprotein interrelationships.
As recently reported by Shekelle et al., 68 the ultimate "bottom line" for nutrient intake and lipid interrelationships is the association of nutrient intake with CHD mortality. These authors observed significant associations between dietary cholesterol intake (estimated at two interviews) and subsequent CHD mortality over a 20-year period. There was also a negative association between dietary polyunsaturates and CHD mortality. Serum cholesterol levels correlated positively with saturated fat and cholesterol intake, and negatively with polyunsaturated fat intake. These longitudinal associations between diet, lipids, and CHD emphasize the public health importance of the best understanding of the potential effects of habitual diet on lipids and lipoproteins.
